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Abstract
To test the possibility of some correlation between
Ni and Cr in Ivory Coast tektites, eighteeen tektites were
analyzed using atomic absorption and x-ray emission techniques.
The results show a range in content for Ni of 87% and only
17% for Cr. The correlation coefficient for these two
elements is 0.084 which shows that no correlation exists
between them.
On the basis of published analyses a correlation
between Ni and Cr had been suspected in tektites from several
areas. For tektites with less than 100 p.p.m. Cr this
correlation definitely exists and probably reflects the
original concentrations of these two elements in the parent
rock. Tektites, such as the Ivory Coast and southern indo-
chinites and possible billitonites and Borneo tektites,
which contain anamalously high (>100 p.p.m.) but only slightly
variant Cr show both high and highly variant Ni contents.
High concentrations of Cr are probably produced by
selective volitilization of the parent material. When this
high concentration does occur, the Cr content is relatively
invariant, whereas there is simultaneous gross Ni contamination,
resulting in both high and highly variable Ni contents.
I Introduction
The possibility of some correlation between high nickel
and high chromium contents in tektits was noted by Taylor
(1962) and also by Schnetzler and Pinson (1963). Although
high and highly variable Ni contents may be expected from
the meteoritic impact origin theory of tektites, high and
variable Cr contents should not be expected, since Ni is a
major element in most meteorites and Cr occurs only as a
trace (>0.4%), especially in those meteorites which are
richest in nickel. Therefore, a correlation between Ni and
Cr would be of great interest and could possibly be of use
in determining the origin of tektites.
The purpose of this investigation is to determine the
content and variability of nickel and chromium in Ivory Coast
tektites.
II. Previous Work
There are no published analyses of the chromium in
Ivory Coast tektites and only one analysis of nickel which
was 105 p.p.m. Ni by neutron activation (Ehmann, 1960).
However, there has been some work done on other tektite
groups. These analyses are tabulated in Appendix II and
shown in Fig. 2. Of these 83 analysis, 72 are of tektites
with less than 100 p.p.m. chromium. There is therefore a
paucity of data on tektites containing more than 100 p.p.m. Cr.
All of these analysis will be discussed along with the results
of this study in section V of this thesis.
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5III Analytical Procedure
A standard tektite was determined by atomic absorption
techniques and the other tektites were compared with it using
x-ray emission. All tektites were ground to a fine powder
in a boron carbide mortar.
A) Atomic Absorption
i) preparation of samples
One tektite (T5653)was determined for nickel and chromium
using the addition method, comparison with W-l, and also by
comparison with primary standards of Ni and Cr. A sample of
W-1 was analyzed using the addition method and also by com-
parison with standard solutions. Duplicate analyses were made
of both W-1 and T5653.
About 0.5 gram of T5653 and 1.2 grams of W-1 were
accurately weighed and put into platinum dishes. About 10 ml.
of distilled and demineralized water was added to each sample.
Three ml. of perchloric acid (vycor distilled) and 15 ml. of
HF acid were added per gram of sample. The solutions were
then evaporated to dryness on a steam bath. Another 10 ml.
of HF was added to each sample during the evaporation. Then
about 50 ml. of 2 normal HC1 (vyclor distilled) was added to
each sample and evaporated to dryness. 2 normal HCI was added
a second Li-e and acjain evaporated L L yness.
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The samples were then dissolved in 25 ml. of exactly
0.2 normal HC1. These solutions are hereafter referred to
as the original solutions.
ii) preparation of Ni and Cr primary standards
Standard solutions of Cr and Ni were prepared. The Cr
standard was prepared by accurately weighing a portion of
potassium dichromate (Merck) and dissolving it in one liter
of exactly 0.2 normal HCl yielding a concentration of 1206.21
micrograms Cr/ml.
The primary nickel standard was prepared by dissolving a
carefully weighed nickel shot (Baker Analyzed Reagent, 99.8% Ni)
in hot distilled nitric acid in a Pyrex erlynmeyer flask. The
solution was then transferred to a vycor dish and evaporated to
dryness on a hotplate. The nickel nitrate was then dissolved
in one liter of exactly 0.2 normal HC1, yielding a primary
standard containing 765.66 micrograms Ni/ml.
Further dilutions were made of these standards yielding
concentrations of 12.06 micrograms Cr/ml. and 3.83 ug Ni/ml.
The Ni solutions were checked against solutions prepared by
diluting a Wills Scientific standard solution. The comparison
indicated a concentration of 3.80 micrograms Ni/ml. for the
solution of 3.83 micrograms Ni/ml. which is well within the
precision of the instrument.
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iii Addition Method
Five ml. aliquots of both the T5653 and W-1 original
solutions were taken and diluted to ten ml. with exactly 0.2
normal HC1. Two more five ml. aliquots were taken from each
of the original solutions to which the additions were made.
An aliquot of the diluted primary nickel standard was
added to one of the five ml. aliquots of W-1 original solution
and another aliquot of primary nickel to one of the aliquots
of T5653 original solution. The procedure was then repeated
using primary chromium standards instead of nickel standards.
The amounts of standard solution added.were calculated to
approximately double the amount of the element sought in the
samples. The advantage with the addition method is that
matrix effects should be eliminated because the only ion that
is different in the two solutions is that one for which the
analysis is being done. The addition method is done in the
following manner; the solution with nothing added is analyzed
along with the solution containing the known added amount
of the element sought. The absorbances. of these solutions
are plotted versus the amount of the element added, and a
straight line is drawn between the two points. The intercept
of this line with the amount-of-element-added axis gives the
total amount of that element in the solution to which no
addition had been made. The absorbances were determined on a
Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer.
Experiments had previously demonstrated that in this con-
centration range the working curve is linear.
iv) comparison with standard solutions
Both the original solutions and the diluted solutions
of W-1 and T5653 were compared with the standard nickel and
chromium solutions. Further dilutions of the standard
solutions were made so as to bracket the unknowns.
v) comparison of T5653 with W-1
The solutions of T5653 were compared with the solutions
of W-1 assuming 136 p.p.m. Cr and 78 p.p.m. Ni. The value of
136 p.p.m. Cr is the result of the Cr analysis by the addition
method in this study and the value of 78 p.p.m. Ni is the
recommended value for W-1 (Fleishcer, 1965).
B) X-ray Emission Procedure
The powdered tektites were all compared by x-ray
emission to one tektite (T5687) which was carefully compared
with the tektite (T5653) determined by atomic absorption
methods as previously described. Two standards were used
because there was not sufficient powdered T5687 left to put
into solution for atomic absorbtion work due to earlier
attempts at analysis.
The powdered samples were loaded into leucite holders
and packed as uniformly as possible. One tektite was re-
packed and recompared five times in order to determined the
reproducibility of the method.
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The samples were run on a General Electric XRD-6
vacuum x-ray spectrometer. A LiF crystal and W target were
used with a scintillation counter and a flow tube counter in a
vacuum. Several twenty second counts were taken at the
element peak and in the troughs on either side of the peak.
The averages of the counts were used to determine the peak
and troughs. The peak heights were calcualted assuming a
straight line between the two background counts. The nickel
peak was measure at 28 equals 49.970 with backgrounds at
48.720 and 47.59 ° . The chromium peak was measured at 69.41° ,
background at 71.970 and 66.970
IV Analytical Results
A) Standard Tektite (T5653) by atomic absorption
The analyses for chromium in T5653 and in W-1 are shown in
Table 1.
Table 1
p.p.m. Chromium in T5653 and W-1
weighing method T5653 W-1
a 1 307 137
b 1 350 135
b 1 305 135
b 2 323
avg. 322 136
a and b refer to separaLe weighings
1 refers to addition method
2 refers to comparison with W-1 assuming 136 p.p.m. Cr in W-l.
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The average values are 322 p.p.m. Cr in T5653 and
136 p.p.m. Cr in W-1. The value of 136 p.p.m. Cr in W-1
compares well with the recommended value of 120 p,p.m. and
is within the range of published analyses for W-l, (Fleischer,
1965). The range of values for Cr in T5653 is +8% which is
only a statement of precision for replicate analyses.
The analyses for nickel in T5653 and in W-1 are shown in
Table 2.
Table 2
p.p.m. Nickel in T5653 and W-1
weighing
a
a
a
b
b
b
b
method T5653
130
114
117
147
133
107
118
W-1
123
136
104
value taken .112 78 p.p.m. (see text)
a and b refer to separate weighings
1 refers to the addition method
2 refers to comparison with W-1 assuming 78 p.p.m. Ni in W-1
3 refers to comparison with pure standard solutions
These analyses are most probably in error, since the
recommended value for nickel in W-1 is 78 p.p.m. and no
reliable values higher than 85 p.p.m. have been reported
(Fleischer, 1965). The results for nickel in W-1 are
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therefore over 50% too high by the addition method and 33%
too high by comparison with pure standard solutions. Because
of the wide variation in values for nickel in T5653 I chose
to take the comparisons with W-1 as the most nearly correct.
However, this is an arbitrary choice. The average of the
two analyses of weighing b, 112 p.p.m., was taken to be the
value for nickel in T5653. It should be emphasized again
that this is an arbitrary choice and since the results for
W-1 are in error this value for nickel in T5653 should be
regarded only as an indication of the correct value. For
this reason no error range is assigned to the nickel standard
value.
The analyses for Ni indicate that some sort of matrix
effect is occuring when the pure Ni solutions are used as
standards. Why the addition method analyses are in error
is more difficult to understand. H6wever, it is probably
due to a combination of poor precision for Ni by atomic
absorption spectrophotometry at these low concentrations,
and inadvertant poor choice of too low a slope for the
addition method curve inviting amplification of the error
in precision. The difficulty with the comparisons is
probably due to the fact that the solutions used are quite
concentrated in terms of all elements in solution, especially
in the case of W-l. Silica is the only constituent eliminated
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by the preparation of the solutions, and therefore there is
still about 0.5 gram of other elements in only 25 ml. of
solution in the case of W-1 and about 0.15 grams in 25 ml.
in the case of T5653. Therefore, since the W-1 solution is
about 3.3 times as concentrated, the effect of the other
elements on the analyses for Ni and Cr should be much more
pronounced in W-l than in T5653, which seems to be the case.
The effect of this difference in concentration in comparison
of the tektite to W-1 would be to depress the absorption in
the tektite solution relative to the W-1 solution, therefore
yielding too low a value for the tektite.
Obviously this problem must be resolved before the
analyses for nickel can become meaningful in terms of the
absolute quantity of nickel. The chromium analyses are,
however, still satisfactory.
B) Tektites analyzed by x-ray emission
The results of the x-ray comparison are shown in Table 3.
The range of chromium content is from 271 p.p.m. to 334 p.p.m.
with a mean value of 309 p.p.m. The nickel ranges from
83 p.p.m. to 204 p.p.m. with a mean value of 132 p.p.m.
The tektite analyzed by Ehmann (1960) is within this range.
It must be remembered that the values for nickel can only be
interpreted relatively since the absolute content of nickel in
the standard tektite is not well known.
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Table 3
Cr and Ni in Ivory Coast Tektites in p.p.m.
Cr
322
319.8
316
323
320
271
314
305
290
290
300
303
306
311
310
334
313
320.2
Ni
112
204.1
162
155
150
134
110
110
102
168
150
139
125
99
112
127
82.8
141.3
range: Cr 271
Ni 83
334
204
T5653
T5687
T5641
T5686
T5706
T5694
T5649
T5698
T5709
T5702
T5658
T5707
T5663
T5704
T5673
T5659
T5699
T5648
T = 309.3
Sx2= 220.94
Sx = 14.86
S,=
x
3.61
7'= 132.4
Sy2= 877.8
Sy = 29.63
S, = 7.19
covariance = 32.88
r =0.075
(avg. of 2)
(avg. of 5)
n = 18
14
One tektite, T564 8 , was repacked and analyzed five
separate times. These results are shown in Table 4.
Table 4
Cr and Ni in T5648
5 Reloads
Cr
319.4 p.p.m.
314.0 p.p.m.
319.4 p.p.m.
328.9 p.p.m.
319.5 p.p.m'.
S;.Ni
143.9 p.p.m.
139.4 p.p.m.
142.6 p.p.m.
139.6 p.p.m.
141.1 p.p.m.
For Ni:
x = 320.2
Sx 2= 28.975
Sx = 5.38
S~ = 2.41
7 = 141.3
Sy2=  3.75
Sy = 1.94
S7 = 0.868
Range: 328.9 - 314
320.2
100=4.7% Range: 143.9 - 139.8 141.300=3.2%
141.3
The results show that the analytical precision is good
and therefore the relative amounts of nickel and absolute
amounts of chromium in Ivory Coast tektites are well known.
These results also show that in Ivory Coast tektites the
nickel is highly variable compared to the chromium. The
nickel varies by a factor of more than 2, from 83 p.p.m. to
204 p.p.m. while the chromium varies only from 271 p.p.m. to
334 p.p.m., a factor of only 0.22.
Load
1
2
3
4
5
For Cr:
V Interpretation of Previous Work and
the Results of this Investigation
The results of this investigation indicate that there
is no correlation between nickel and chromium in Ivory Coast
tektites. The correlation coefficient is 0.084 which indicates
that no relationship exists between these two elements. The
correlation coefficient would have to be greater than 0.468
(for a 95% confidence level) with the sample size (18) used
in order to show a correlation (Snedecor, 1946), (see Fig. 2).
The results also show that the variation of Cr content is
small compared to the variation of Ni content. This is con--
sistent with the scant published information on other tektite
groups which contain greater than 100 p.p.m. Cr.
Preuss (1935) analyzed 13 moldavites, 8 australites,
8 indochinites, 4 billitonites and 2 Borneo tektites for Ni
and Cr. Taylor (1962) analyzed 24 australites. Heide (1938, 1939)
analyzed 1 phillipinite, 1 Java tektite and 1 Thailand tektite.
Chao (1963) determined Ni and Cr in 21 bediasites. Preuss,
Taylor, Heide, and Chao all used optical spectrographic methods.
These 83 analyses are shown in Figure 1 and are tabulated in
appendix II.
The australites analyzed by Taylor show a correlation
between nickel and chromium (r = 0.645, 99% confidence level)
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as do the bediastite analyzed by Chao (r = 0.576, 99%
confidence level). Preuss's analyses of 13 moldavites show
a correlation (r = 0.863, 99% confidence level) but, in
contrast to Taylor's data, his analyses of australites show
no correlation (r = 0.341). Since Preuss's analyses of
indochinites are divided between north and south there is
insufficient data to determine whether or not a meaningful
correlation exists, (only 4 samples in each group). The
same is true of the Borneo tektite and billitonite analyses.
These analyses all show much greater variations in the
contents of Ni and Cr than in all major elements and most
minor elements in each tektite group. One must also realize
that with the small populations that are available for cal-
culation of correlations a few changes in the experimental
results could easily make a great change in the correlation
coefficient. With this provision in mind we can proceed.
If nickol is highly variable within a group of tektites
then that would indicate a meteoritic impact origin because
nickel is a major element in most meteorites and variable
contamination would be expected. Since Cr very seldom occurs
in quantities greater than about 0.4% in meteorites
(Nichiporuk, et al., 1967) it is difficult to argue for
variable contamination of Cr from the meteorite. More im-
portant is the fact that irons which are very high in Ni content
(a few per cent) usually contain less thanonehundred p.p.m.
Cr (Mason, 1962).
-- 
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Except for the case of the northern indochinites all
of the tektites with less than 100 p.p.m. Cr show a large
variation in Cr and those with greater than 100 p.p.m. Cr
show much less variation compared to the variations' in Ni
content.
Therefore any intrepretation of nickel and chromium
variations in tektites has to take into account the high
variability of nickel content in almost all tektite groups,
and the fact that while chromium is highly variable in
groups which average less than 100 p.p.m. Cr it is remarkably
constant in groups which average greater than 100 p.p.m. Cr.
The concept of vapor fractionation of silicates has
been studied by several workers, the most recent being
Walter (1967). His paper includes a summary of the earlier
work on the subject so it is not necessary to review all of
the work in this paper. His work shows that transition
metals can be enriched consider'ably through the process of
selective volatilization or vapor fractionation in an
oxidizing atmosphere. Therefore, it would be expected that
both nickel and chromium would be enriched in silicates that
were subjected to conditions of high temperature and low
pressure. Moreover, since chromium is more refractory than
nickel one would expect the effect to be greater with Cr
than with nickel.
18
The tektites with greater than 100 p.p.m. Cr are
anamalously high in both Ni and Cr compared to crustal rocks
(see Table 5), of comparable SiO2 content.
Table 5
Average Nickel and Chromium contents in crustal rocks
(fm. Turekian and Wedepohl, 1961)
(in p.p.m.)
Igneous Rocks
Ultrabasic
2000
1600
Basaltic
Granites
high Ca low Ca
15130
170
4.5
4.1
Syenites
4
2
Sedimentary Rocks
Shales Sandstones Carbonates
Deep .sea sediments
Carbonates Clay
30 225
Those tektites with less than 100 p.p.m. Cr are not
anamolous in Ni and Cr.
It seems very probable that the correlation between Ni
and Cr in low Cr tektites is a reflection of the correlation
between those elements in the parent material. Turekian (1963)
demonstrated that such a correlation definitely exists for
basalts and eclogites and it is very likely true for other
rock tvypes as well.
Cr
Ni
II II IIIYIIYYIIIY Y I IYVIIIIIIYIII
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In summary it appears that in low Cr tektites the
source of the Cr and Ni was a terrestrial rock with some
minor contamination of Ni by the meteorite which resulted
in a slight decrease in the terrestrial correlation between
Ni and Cr. High Cr tektites (greater than 100 p.p.m. Cr)
were much more contaminated by the meteorite as evidenced
by the nickel content and variation and heated to much
higher temperatures or for a longer period of time resulting
in high chromium contents due to more selective volatilization.
Therefore, it appears that high Cr content is an indication of
selective volatilization and that this is connected with
large amounts of Ni contamination.
VI Suggestions for Future Work
The most pressing problem at the present time is the
difficulty of getting a meaningful nickel analysis using
atomic absorption techniques. The most probable solution
to this difficulty would be to make a synthetic W-1 and a
synthetic tektite using the appropriate mixtures of pure
elemental oxides to approximate the composition of these
rocks. The necessary components would be SiO 2, Al 2 0 3 , FeO
MgO CaO K O and Na 2. Then by adding the appropriate
amount of nickel to a solution of this mixture one should
be able to eliminate the problem of too concentrated a
20
solution and arrive at an acceptable analysis for nickel
in tektites as well as in W-1. This technique could be
applied to trace element analysis by atomic absorption when-
ever the problem of overly concentrated solutions arises.
There is also a need for more analyses for Ni in Cr in
all tektite groups, especially the high Cr tektites, in order
to further test the Ni-Cr correlation and to check the
effects of selective volatilization. It would also be useful
to have analyses for Zr because Zr should behave in a manner
similar to Cr when selective volatilization occurs.
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Appendix I
Symbols used in Tables and Appendix II
In all cases X refers to Cr and Y refers to Ni.
X = value of an analysis
ExX = average value -
n
n = number of analyses
Sx 2 = variance = E(x-) 2
n-l
Sx JS x
S = Sx/Jn'
= standard deviation
= standard deviation of the mean
covariance = Edxdy = E(x-!) (y-y)
n-l n-l
covariance
r = correlation coefficient =
(Sx ) (Sy)
Appendix II
Previous Analyses of Tektites
(in p.p.m.)
-pecimen
415
463
1176
391
379
541
532
1026
4
230
794
233
229
8
355
475
295
625
7
9
1
australites
Cr
67
91
81
90
80
78
88
71
86
74
79
62
71
82
63
58
64
83
80
79
(Taylor, 1962)
Ni
25
33
32
30
30
32
49
27
31
27
30
28
34
31
25
25
25
30
35
27
29
Sueciman Cr
76
Ni
24
23
25
range: Cr 58-92 p.p.m.
Ni 23-4.9 "
For Cr: ? = 77, Sx2=89.9, S =9.48
For Ni: Y= 29.5, Sy2=28.5, sy- 5.34
Covariance = 32.67, r =0.645
Specimen
BM-1
BM-14
30775-77
B-140
B-20
B-17
B-50
B-74
BM-13
B-80
B-6
30247-38
B-8
B-85
B-86
B-87
bediasites (Chao,1963)
Cr Ni
26 6
21 6
28 13
33 8
29 13
33 16
36 14
25 14
26 6
28 12
46 11
42 15
28 14
40 18
45 16
28
29
Specimen
30780-23
B-76
B-105
30763-10
B-90
range; Cr 21-62 p.p.m.
Ni 6-18 "
Cr
42
28
49
61
62
Ni
13
10
12
18
For Ni: y = 12.5, Sy2= 12.96, S-- 3.6
For Or: X = 35.76 , Sx2= 134.27, Sx = 11.59
Coveriance = 24.025, r = 0.576
moldavites (Preuss, 1935)
Specimen
M75
1497
M65
M30
M104
M137
M31
M21
M48
M4
M29
M66it'? 91,16 6
38 16
29
Cr
23
23
69
46
Ni
8
8
24
16
16
24
16
16
21e
46
54
38
54
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moldavites (continued)
range: Cr 23-69p.p.m.
Ni 8-214
For Cr: X = 47.2 , SX2= 186.75, sx= 13.67,
For Ni: Y = 17.2, Sy2= 30.42 , = 5.5
Covariance = 65.08, r= 0.863
australites (Preuss,1935)
Specimen
A6
AS5
A9
A13
A10
All
A4
Al
Cr
77
69
77
122
99
range:Cr 69-122 p.p.m.
Ni 24- 39 "
For Cr: X = 88, Sx2= 275.43, Sx= 16.60
For Ni: Y = 27.6, Sy 2 = 31.13, S=5.58
Covariance = 31.54, r = 0.341
Ni
31
31
24
24
24
24
39
24
30
iniochinites (Preuss,1935)
northe r n
Spe ien
II
12
Cr
77
77
77
99
Ni
8
24
31
southern
I5
16
I7
I4
northern:
230
214
191
230
range: Cr 77-99p.prm.
Ni 8 -31 "
south6rn
range: Cr 191-230 p.p. m
Ni 165-220 "
phillipinit e
Cr
170
Java tektite
Cr
320
Thailand tektite
Cr
(Heide,1938)
Ni
(Heire, 938)
Ni
200
(Hei.e, 1939)
Ni
100 47
220
165
181
149
billitonites and Borneo tektites (Preuss,1935)
Specimen
B2
Cr
77
344
B4
Bl
range: Cr 344-832
Ni 267-346
Ni
24 (may not be of this group)
314
314
267
346
236
459
482
459
p.p.m.p0
